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PRODPCTHB P RQSTTTPgpe 

This invention relates to the production of 
prostheses such as are used in orthopaedic and trauma 
surgery for pinning broken bones. 

Conventionally, such prostheses are selected by 
the surgeon froa a set or kit of standard sizes and 
shapes of plate or strip having pre-drilled holes for 
screws. These may be capable of some lifted bending 
and/or cropping to adapt a specific size of strip or 
shape to more closely suit the circumference, of" any 
particular fracture. Generally speaking, however, th 
type of pinning possible using these conventional 
prostheses is limited in scope because of their 
2-dimensional configuration which is often 
unsatisfactory from both a surgical and mechanical 
strength point of view. 

The difficulties involved in bending have led to 
proposals for mechanical aids to bending so-called 
osteosynthetic plates during surgery, such proposals 
being contained in DE-OS-37 24 479 and DE-OS-29 20 223 . 
However, these aids do not facilitate anything li ke the 
full range of prosthetic shapes necessary and even so 
require still a considerable inventory of shapes and/ 
sizes of osteosynthetic plates. 
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b) selecting a blank froa which the prosthesis may 
be formed 

c) processing the blank by removing material 
therefrom to leave a prosthesis of the 
predetermined shape or a processed blank from 
which a prosthesis of the predetermined shape 
nay be made by bending the blank. 

Usually, the material will be 18/8 type 
stainles. steel, but the development of other medically 
suitable material, such a. titanium or plastic, cannot 
be ruled out. 

The blank may be prepared with fold line, which 
may be made by etching or, more rspidly, by electro- 
chemical maehinin, (KM). Feature, other than fold 
line, may also be etched such for example a. apertux . 
« for .cr«* and pin. and the required perimeter of the 
prosthesis. 

The blank may be prepared for etching or ECM by 
removing a resist layer. Although this could be done by 
the usual photographic method., these are seen as 
unacceptably slow, a. currently practised. So the acid 
re.i.t layer, which may compri.e a wax, collodial gel or 
plastic r rubber adhesive film coating, may be removed 
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mechanically as by a blade, a rotary tool or an 
ultrasonic tool, or by vaporisation a, by an electric 
discharge or laser. The resist layer may also be 
removed by selectively applying a chemical reagent or 
solvent a, by an airbrush or jet printer. Resist may 
also, of course, be selectively applied, rather than 
applied overall and then removed selectively. 

The blank may be etched concurrently on both 
faces, especially for the production of screw and/or pin 
aperture, and the perimeter, but also for producing 
oppositely-directed curved region.. Etching of such 
feature, can leave sharp ridge, or burrs/which can be 
removed by electropoli.hing. Screw and/or pin apertures 
or hole, may al.o be produced by a drill or punch or 
other purely mechanical mean, where convenient. 

The blank may be processed using numerically- 
controlled tool mean., such a. a blade or rotary tool, 
la..r or an airbru.h or jet printer applying a reagent 
or solvent, and may be prepared, for example on an X-T 
table or CAD type plotter, according to in.tructions 
derived from a programmed computer supplied with data 
specifying the shape of the pro.the.i. required. The 
computer may control the blank preparation and may 
include CAD facility, which may involve the us. of x-ray 
photograph, f the prosthesis site. 
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Various improvements may be made on c nventional 
ECM techniques which usually require a pre-shaped three 
dimensional tool to remove metal from a surface. Thus 
applying a resist layer to the workpiece as for normal 
etching techniques ensures that only the exposed metal 
areas are removed. Instead of applying the resist t 
the workpiece, however, the resist may be on the tool, 
and removed therefrom according to the desired pattern. 
The workpiece will be eroded more or less as if it had 
carried the resist, but there is no longer any need to 
remove the resist from the workpiece after the ECM 
operation, which cuts down the manufacturing time 
significantly. 

Another technique involves interposing an 
apertured non-conducting layer e.g. of plastic sheet 
between the electrode and the workpiece. The apertures 
nay be made by a rotating tool, a laser, and ultrasonic 
cutter or in any other convenient manner. Here, again, 
there is no adhered resist layer to remove after the ECM. 

The invention also comprises apparatus for th 
production of prostheses from preformed blanks 
comprising blank processing means predetermining th 
shape of prosthesis required and processing the blank by 
removing material therefrom to leave a prosthesis of the 
predetermined shape or a processed blank from which a 
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P~.thM.efth P r««.»i„ aa shlp . My „ Mdeby 
bending the blank. 

The invention in one aspect also comprise, 
apparatus for the production of prostheses comprising 
sheet material plat, preparation ^ adapt ^ to 
Prepare such plat, for plastic deformation to a 
predetermined shape. Such preparation mean, may produce 
fold line. a„ d My coaprlM or .^^^^ 

machining mean, and el.ctropoli.hing means, all included 
in an integrated production facility suitably adapted 
for s«dical on-.i t . laboratory conditions. 

Embodiments of apparatus and methods for th 
production of prostheses according to th. invention will 

now be described with rtfamu.. «. v 

M r««r«nce to th. accompanying 

drawing., in which: - 

Figur. 1 i. a p. r ,p. ctiv# vi0w Qf ft typical 

curved 3-dimensional shaped 
prosthesis, 

Figur. 2 i. a d.v.lop«i plan vi«r of a sheet 
material plat, prepare* for plastic 
deformation to the prosthesis of 
Figure l, 
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Figure 3 is a section on the lin Ili-m of 
Figure 2 showing etched grooves and 
perpendicular hole areas, 

Figure 4 is a section like Figure 3 after 
deformation to the required shape, 

Figure 5A is one face of a blank marked from 

predrilled datum centres comprising a 
sheet metal plate prepared for 
etching to make the developed plate 
of Figures 2 and 3, 

Figure 5B is the reverse face of the sheet 

n»tal plate of Figure 5A marked from 
the sane datum centres, 

Figure 6 is a seetion on the line Vi-vx f 
Figure 5A, after etching or ECM, 

Figure 7 is the section of Figure 6, after 
electropoliehing , 

Figure 8 is a diagrammatic illustration of a 
CAD/CAM system for producing a 
prepared blank ready for etching or 
ECM, 
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» is a diagram representation Qf . 
the production, by etching or by BCM 
using the method illustrated in 

?igUX9 * * Prosthesi,, ready for 
plantation, froa th . pr9p ^ ^ 

PigUrM 10 ' 11 — " ^ diagxa^natic 

illustration. o£ electro-cheaical 
machining technique. , 

«d Pigur . „ it a ^ 

* omawtic repreaentation of 
th. production of a pro.th.,i., ready 
for implantation, fro. th. prepared 
blank u.ing the electro-chemical 
machining technique, of Pigur>s u 
and 12. 

Min bon.« of th. 

P "HUM .trip pxosthuw .r. gM « uly 
utisfact rv «... . 
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fracture r pairs that would benefit from customised 
3 -dimensional curved plate protheses :- 



(1) 



(2) 



(3) 



Spinal - where the many small vital vertebra 
need fine and particular support 

Pelvic - a common injury in motor accidents, 
where the complex shape of the bone and the 
radiating nature of the fracture paths need 
large plates rather than several strips to be 
really effective 

Periarticulate - that is to say close to the 
main joint, where several or all of the adjacent 
bonee are broken close to their sockets, a 
common sporting injury for which repair often 
needs special plates because of the confined 
access 



Pathological - where large parts of bones have 
to be surgically removed because of tumours, 
cancer or incorrect bone grovr.h, requiring the 
bon* to be bridged until new bone growth knits 
the ;parated ends together 

Internal and temporary fixation - where 
individual specially tailored long plates are 
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needed for instance for reloin<«« • . 

rejoining and pinning of 

the sternum after open heart surgery. 

Facial - where Jaw, cheek or brow bone structure 
is broken and depressed - a common result in 
motor accident, with impact on to the steering 
wheel or facia. Thin curved platelets to 

restore thm original facial 

^s-maj. racial contours would aid 

cosmetic surgery. 

Mutlpl. fracture. - caused by bomb blast or 
bullat. - need enveloping plate, to support the 
variou. bone fragment,, allowing them to knit 
correctly and ensuring true limb orientation. 

la th... Qf mjQg ^ ^ 

it i. often difficult or impossible to predetermine the 
~**r* implant configuration until very . hert ly before 
th. pro.th..i. i. . it u ^ ^ ^ 

i. actually in progre.. that th. required .hape can be 
decided upon. What th. surgeon r . ally smpgUm L , & 
customed, plat, produced in a very , aort tllB . within 
the hospital itself to a shape and si,. ,p. cif l9d 
shortly before or actually during the operation. 

Th. production of shaped article, from stainless 
steel plat . by etching fold liau ^ oth . r ig 
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already Jen vn, but as currently practised does n t lend 
itself to rapid custom production. The resists in 
common use are photographic and the etching pattern is 
produced by photographing a master drawing, usually 
involving a reduction of scale so that high accuracy can 
be achieved. It is not economical to use this P r cess 
to produce articles on a one-off basis and it would in 
any event be difficult to complete a 15 x 5 cm component 
from concept to finished state in le., than five h urs, 
even if the production were to be given priority and 
undivided attention. Normally, two or three days at 
least are required if the procedure is to fit within any 
ordered, commercial production schedule. 

Photographic techniques may of course be 
develop* in th. future which will reduce th. time and 
cost. Meanwhile, however, etch* or electrochemical ly 
machined (HOC) plates can be produced by other methods 
which do not suffer th. disadvantage, of the current 
photographic techniques. 

Figure 1 illustrates a typical plate 11 which 
can readily be produced as herein described, it is 

designed to fit partially around sections of broken bone 
and be secured thereto by screws or pins for which 
matching holes 12 are provided. 
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The conventional techniques for joining bones 
have involved connecting the bones by flat plates using 
angled screws which, on tightening up, draw the broken 
ends into tight engagement, it is now thought to be 
better in fact to leave the ends separated by a small 
gap, for example a millimetre or less, which will 
eventually be bridged by new bone growth. This is 
well-nigh impossible using the conventional flat plate 
or strip, but is easily achieved using a 3 -dimensional 
prosthesis as illustrated which has a degree of 
mechanical strength to support the bone structure. 

The prosthesis 11 of Figure 1 is made by plastic 
deformation of a blank 21 comprising a flat plate as 
shown in Figures 2' and 3 which has been etched or 
electrochemically machined with fold lines 22. Using 
suitably-positioned such fold lines, quite complicated 
shapes can be produced by deforming stainless steel 
plates - this can be done by hand or with the aid of a 
simple bending jig - the fold lines determining the 
extent to which the metal can be bent, and thus 
determining the final shape of the article with a high 
degree of precision. 

Figure 4 shows in cross-section the blank 21 
after bending on the fold lines. As will be seen from 
the cr ss-s ction of Figure 3, th f Id lines are 
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°-h.ped ar.ove. „ it n „, 1M , lde , tM ^ 
PUt, v iU f old e „u y e lon , the Un9 ot th . 
«tU th.ir comer, eome t0Jather ud ^ ^ 
cbt„. 0( ^ u dMtrBin4< ^ ^ ^ ^ 

the ,roov. tt la KCttrat . lv ^ priM ^ Kchi 
or KM. For MIMpl . ( . qm>n wlith ^ ^ 

««u tend. It if pr>etteil ^ rwi<i! ^ 

"Uiti-fed poison which .ppro^f. c lo ..l y t0 , 
circuler or .Uiptie.1 curve by ch . nuBb . r , nd ^ f 

P.r.U.1 or diver,!,, oro^.. !t via, ,, eMr .e, b. 
Po..ibl. £or ^ niiKm ^ Mk< . djMtMnM t 

the fine! d.pe Mlll3 00 ^ ^ 

or th. (old ^ „. Mt . rljl of ^ ^ # ^ 

mad*. 

«»u». SA «nd .no. , ttMt munU1 ^ ^ 
~t « rront (5A) ^ (5>) fae#< fw ^ 

product*™ of th. bUnk 21 ot , lrar ., !udi . 
PU« 51 e«, in . .^icei , ltMtion/ ^ fc _ 

• ran,. , f ,i„, , BwUM „ , m ^ ^ ^ ^ 

P°rp.«. one. th. ov«.u di„n.ien. ., tie oro.th..i. 
have been determined. 

The face (5A, is marked with perimeter lines 52 
and screvhol. are*, or outline. 53 relative to datum 
hole. 50 predrilled in the prepared sheet, vhil th 
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u ai,o MrkM wlth tutmug ltnM s< 

-d.m..th th . p. rlTOt . r Un „ „ ^ 4 ^ 

u.in S th, identical da«. h6l .. so . Serawhol< ^ ^ 
outline. 55 are MrltKl on ^ ^ 

dimeter than th. or outUn „ „ ^ ^ 

=o«nt.r,ink feature. For ^ ^ ^ ^ 

outline. 55 can b. of„.t .. „ ^ ^ ^ 

outline 53. a . t . al „ ^ ^ ^ f ^ 

Un.. 2J . " =«vat»r. ^. ^ owojUa 

direction., ., that part, of on. f . e . w . eonw ^ 
oth.r part. v. r . e0Beiv ., foW ^ ^ ^ ^ 

b. produce on both fae... 

B7 -markl... I. MM. of eour.., the „ 
edification of . ^ My ^ ^ ^ M 

. rubb« or pla.tlc flla adj^rl to th. „tal .urfac. t. 

allw th* .tenant or tat iIkmi.. . 

* electrolyte acce.. to the natal 

at the narked place.. 



After etching or ECU, the blank 21 look., in 
=ro..-..etlon, a. .ho™ m Hour. 5 , ^ ^ ^ 

are .h«m, ho^, .. stlu u ^ 

th... .ill fan or be broken off. The .tenia, , t 
Proc. lMT «. >harp ^ „ h>r>> hoiwr; whlch ^ 

to be «««,. Thl, 1. ccnv.ni.„tly achlev* by eleetro- 

POU * hi " S> ta " •l^trlc po«»tl.l 1. applied „ 

th bank whii. ^ „ . tehMt ^ aff<cti Mf w 
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«oion„ to lMv . ^ l90Wiiji ^ cros< . i<ctio 

a« shown in Figure 7. 

Hole, My b, „ punehtd ^ ^ bi4Kjt 

. « th. « eWnJ or „ ptQc . M ig mi ^ 

to «P««1 »P th. pxoou. 

Figure* , to i 3 Ulttstrlt . dUgx—taetU ^ M- 
«q».ne. of op«.tio„. lBnlni ^ ^ ntlmt ef 
Produein, th. pro.th«l. u of Mgui . x . 

F ifut . 8 iU».tr.t.. . c/au, .rr.„,„,.„ t in 

-MM on .. ^ 81 

«<• to» ^.lo„ th. tl 

on th. ^ n .„„ rot . tlon _ ^ 
*™ehin,. r^.^, , e . Un , „„ jo m k 
" 1. provld* „ ullmiMt . „ ^ >tatw 8t 

^ on th. «„.n ,, ^ ^ch th. p^th..!. o„ 

"* * lt,t ° h "' ^ «» «<m.ti= or inducts p*, 

M. Softer. ho™™, . 110 b . !ImLitd „ # 

I-r.y t^ fMB dlff ^ ^ t ^ 
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information froo which a thre -di ma , 

of the f racture 8ite CM W -presentation 

C<WBPUted 4nd fro » in 
tum, the re^ pro8thMi8 ^ _ - 

out according to algorithm, which < v 

ini*i-ii Bight ""Piled 

mti,U3r Mil " - — , foc <XMpU 

•*«• »t blank rsamwd 
«-* . tchlnJ or „ ^ ^ ■ - ~ 

<*• SUt. SI to prcduc. «„ bUal[ Ju ^ 



<" operation! Imiieat^l i. .< .. -J»«>ea 
' 1 " -""—tall, MchlnM , th „ 
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sharp burrs left by the 

i« again rinsed. The «,„. 

The thus prepared blank i. now 
Plastically deformed, by hand or k 
fald . . 7 nand or bn ^9 tool on the 

old Lnes, t0 it . flnal ^ „ 

Unes, following ^ u u ^ £01 
ready for use. 'terilize it 

Figure i. shows dia grM aticall y a method of 

electrochemical machining (ECU) A flat 

91 (cathode, i, alicn6d ' * ^ 

} " aUgned °PPo«ite the metal blank 93 
(«ode, which ha. the resist 

r«-« _ * tiag 94 wit * ««ction. 

removed as at 95. 



- . . .. u , er . rj.llT 1 * 

• rMl * t la y»r has been removed e ~.«.« 
.^"opoU.Kin, . M ou ,. r , 
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* ditte .« .p proaell show 
»• in Fig«. U th. Mtal bllnJt „ , 11 *« 

34 wtth MrJwd . tchl „ **• ""^S 

-~:rr.'vr-' - — - 

: — - » ^:~",rr ~ - 

between to create an etching 93 ^ th " ' 

' 98 1,1 the netai blank 93. 

W^ure 12 .how, a further dlf£. rant , 
«** * non-conducting pia.tic J^^°^ * 
-tween the blaak 93 ^ ^ ^ £™ 

Wank. The sheet 92 1, aoert iT^ ^ ^ 

i« apertured a. would be a resist 
* routing, l a .. r or otherwise. 

It »ay not always be necessary to circulate th 
•lectrolyt. using this technique. 

An advantage of the iaproved M th«H. „ 
with ~* *«*roveo methods described 

*th reference to Figure. U and 12 ^ idh , 
, "* wnich is made clear 

** Wgur. 13, i. further cl «" 

blank i. *' ,lne * **• Bat *l 

»A*njc i. not coated in resist - 

rMi8t ' therefore the tiaie- 
3 that point or spot 1 ading. f n 
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osteosynthetic plate against a bone should be avoided in 
favour of contact along the maximum possible surface 
area, it is now thought that when surrounding or 
partially surrounding a bone with a prosthesis as is 
proposed herein it is desirable not to contact the bon 
over large surface areas, rather by line contact as will 
follow from the polygonal cross-section of the 
prostheses naturally produced by the methods herein 
described so as not to completely occlude the bone. 

Although numerous alternative procedures have 
been described within the context of the invention it is 
clear that yet further variations and modifications 
could be adopted which would remain within the overall 
concept. Thus for example etching or ECM need not be 
the method of preparation - the plate could be machined 
by conventional metal processing methods for example 
using a CAM technique based on the X-Y table such as 
mechanical, grinding, laser or other cutting tools to 
produce the fold lines and other, features. 

The starting blank, if it does not require 
bending, may be nevertheless processed by metal removal 
techniques as discussed above, and plate stock need not 
then be used. For example, profiled rods or tubes may 
be designed and produced on-site by a CAD/CAM system 
from cylindrical or tubular metal stock, material being 
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removed therefrom by ECM techniques for example to 
produce a final osteosynthetic prosthesis. 

If other materials are used, plastics materials 
for example, they may be selectively modified otherwise 
than by etching or cutting, as by UV illumination low 
power laser, ultrasonic horn or isotope radiation so as 
to cause shrinkage along lines on one face or the other 
that would bring about the required deformation. 

And although the invention has been described 
with particular reference to surgical prostheses, it is 
clearly capable of producing shaped article* for other 
purposes where rapid, one-off or small batch production 
is called for, for example, in prototype development. 
The etching and BCK processes are especially useful in 
handling sheet materials which are not amenable to 
conventional machining or press work, for example, 
metals which workharden rapidly, full hardened metals 
used in thin springs, the glossy-amorphous alloys 
produced by super quenching, and the MiTi range of 
memory metals. 
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CIAIM$ 



1. 



(b) 
(C) 



A method for the production of a shaped articl 
comprising the steps of 

(a) predetermining the shape of the article required 
selecting a blank from which the article may be 
formed 

processing the blank by removing material 
therefrom to leave an article of the 
predetermined shape or a processed blank from 
which an articl. of the predetermined shape may 
be made by bending the blank. 

2. X method for the production of a shaped article 
comprising the steps of 

a) Predetermining the shape of the article required, 

b) preparing a blank, comprising a sheet material 
Plate, for plastic deformation to the 
predetermined shape, and 

=) Plastically deforming said plat, to said shap . 

3. A method according to claim 1 and 2, in which 
the blank is prepared with fold lines. 

4- A method according to any one of claim. 1 to 3 

in which th. blank is prepared with apertures. 
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5. 



A method according to any one of claims It 4, 
in which the blank is processed by etching. 

6. A method according to any one of claims 1 to 5, 

in which the blank is processed by electro-chemical 
machining. 

7- A method according to any one of claim, i to 6, 
in which the blank is processed using numerically- 
controlled tool means. 

8- A method according to any one of claim, i to 8, 
in which the blank i. prepared according to instruction, 
derived from a programmed computer supplied with data 
specifying the shape of the article required. 

9. A method according to claim 8, in which the 
computer controls the blank preparation. 

10. a method according to claim 8 or claim 9, in 
which the computer includes CAD facility. 

11. A method according to any one of claims 1 to 10, 
in which the shaped article i. a pro«th.«i.. 

12. a method according to claim 9 used for making a 
pro.the.i., in which X-ray photograph, f the prosthesis 
site are used in a CAD facility. 
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13. Apparatus for the production of shaped articles 
from preformed blanks comprising blank processing means 
predetermining the shape of article required and 
processing the blank by removing material therefrom to 
leave an article of the predetermined shape or a 
processed blank from which an article of the 
predetermined shape may be made by bending the blank. 

14. Apparatus according to claim 13/ comprising 
blank material removal means for removing material to 
leave fold lines on the blank. 

15. Apparatus according to claim 13, comprising 
blank material removal means for removing material to 
leave apertures in the blank. 

16. Apparatus according to claim 14 or claim 15, in 
which said blank material removal means comprise etching 
means. 

17. Apparatus according to any one of claims 13 t 
16, in which said blank material removal means comprise 
an electro-chemical machining (ECM) means. 

18. Apparatus according to claim 17, in which said 
ECM means comprise a cathode and a bath containing an 
electrolyte. 
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20. Apparatus according to claim 18 or claim 19, in 
which the blank is resist coated and marked for material 
removal . 

21. Apparatus according to claia 18 or claia 19, in 
which the cathode is resist coated and marked for 
removal of metal from the blank. 

22. Apparatus according to claim 18 or claia 19, in 
which an apertured non-conducting layer is interposed 
between anode and cathode in lieu of a resist layer on 
either. 

23. Apparatus according to any one of claims 18 to 
22, in which the electrolyte is an hydroxide, an 
ionising salt solution or an acid. 

24. Apparatus according to claims 16 to 23, 
comprising a resist coating removal means for removing 
resist from the blank after an etching or BCM operation. 

25. Apparatus according to any one of claims 16 to 

24, comprising electro polishing means for removing 
sharp edges and polishing the processed blank. 

26. Apparatus according to any one of claims 13 to 

25, comprising numerically controlled tool means f r 
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narking a resist or non-conducting layer or for removing 
material from the blank by mechanical means. 



27 



Apparatus according to any one of claims 13 t 
26, comprising computer mean, programmed to process data 
specifying the shape of the article required. 

28. Apparatus according to claim 27, in which the 
computer controls the blank preparation. 

29. Apparatus according to claim 27 or claim 28, in 
which the computer includes CAD facility. 

30. Apparatus according to claim 29 for making a 
prosthesis, in which X-ray photograph, of the prosthesis 
site are used in the CAD facility. 
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